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IRUPXODWLRQ 7KH GLIILFXOW\ ZLWK WKLV DSSURDFK LV WR FRQVWUXFW WKH VKDSH IXQFWLRQV WKDW VDWLVI\ WKH C FRQWLQXLW\
UHTXLUHPHQW,QWKHVXEVHTXHQWGHYHORSPHQWVWKH50WKHRU\LVSUHIHUUHGVLQFHLWUHTXLUHVRQO\CFRQWLQXLW\RQWKH
VKDSHIXQFWLRQVDQGIXUWKHUPRUHLWLVDPRUHJHQHUDOWKHRU\WKDQWKH.LUFKKRIIWKHRU\
:KLOHWKHXVHRI50WKHRU\LQGHYHORSLQJSODWHHOHPHQWVE\SDVVHVWKHGLIILFXOW\FDXVHGE\WKHCUHTXLUHPHQW
GLUHFWDSSOLFDWLRQRIWKHGLVSODFHPHQWEDVHGILQLWHHOHPHQWIRUPXODWLRQKRZHYHUSURGXFHVHOHPHQWVWKDWRYHUO\VWLII
IRU WKLQ SODWH VLWXDWLRQV 7KLV SKHQRPHQRQ LV NQRZQ DV VKHDU ORFNLQJ(DUO\ DWWHPSWV WR RYHUFRPH WKLV GLIILFXOW\
ZDVWRHPSOR\WKHVHOHFWLYHUHGXFHGLQWHJUDWLRQWHFKQLTXHHJVHH>@DQGWKHUHIHUHQFHVWKHUHLQ8QIRUWXQDWHO\WKLV
VLPSOHDSSURDFKSURGXFHGHOHPHQWV WKDWKDYHVSXULRXVHQHUJ\PRGHV6LQFH WKHQ WKHUHDUH LQQXPHUDEOH50SODWH
EHQGLQJ HOHPHQWV KDYH EHHQ SURSRVHG ZLWK GLIIHUHQW DSSURDFKHV WR HOLPLQDWH WKH VKHDU ORFNLQJ 6RPH UHFHQWO\
SURSRVHGVXFFHVVIXOSODWHEHQGLQJHOHPHQWVLQFOXGHWKHUHILQHG0LQGOLQSODWHHOHPHQWV>@DIDPLO\RI50SODWH
HOHPHQWVIRUPXODWHGXVLQJWKHGLVFUHWHVKHDUJDSFRQFHSW>@DQGWKH50SODWHHOHPHQWEDVHGRQWKHFRQVLVWHQW
YHUVLRQRIWKH0LQGOLQHTXDWLRQV>@
$PRQJFRXQWOHVVSODWHEHQGLQJ HOHPHQWV DYDLODEOHQRZ WKHGLVFUHWH.LUFKKRII0LQGOLQTXDGULODWHUDO '.04
HOHPHQWSURSRVHGE\.DWLOL>@LVRIRXULQWHUHVWVLQFHLWKDVWKHVWDQGDUGQRGDOGHJUHHVRIIUHHGRPSDVVWKHSDWFK
WHVWVKHDUORFNLQJIUHHDQGQRVSXULRXV]HURHQHUJ\PRGHV)XUWKHUPRUHLWKDVEHHQSURYHQ>@WKDWWKH'.04KDV
JRRG SUHGLFWLYH FDSDELOLW\ IRU WKLQ WR WKLFN SODWHV 7KLV HOHPHQW LV DQ H[WHQVLRQ RI WKH'.4 GLVFUHWH .LUFKKRII
TXDGULODWHUDOHOHPHQW>@ZKLFKLVDVLPSOHHIILFLHQWDQGUHOLDEOHHOHPHQWIRUDQDO\VLVRIWKLQSODWHVWRLQFOXGHWKH
VKHDUGHIRUPDWLRQ7KH'.04>@UHVXOWVZLOOFRQYHUJHWRWKH'.4>@UHVXOWVDVWKHSODWHEHFRPHVSURJUHVVLYHO\
WKLQQHU
:LWKUHJDUGWRWKHJRRGFKDUDFWHULVWLFVRIWKH'.04HOHPHQWWKLVHOHPHQWKDVEHHQUHFHQWO\IXUWKHUGHYHORSHGWR
WKH'.04VKHOOHOHPHQW>@DQGDSSOLHGWRFRPSRVLWHSODWHEHQGLQJVWUXFWXUHV>@+RZHYHUWRWKHDXWKRUV¶
NQRZOHGJHWKHUHLVQRSXEOLVKHGUHSRUWRQWKHDSSOLFDWLRQRIWKH'.04WRSODWHEHQGLQJEXFNOLQJSUREOHPV,WLV
WKXVWKHDLPRIWKLVSDSHUWRSUHVHQWWKHGHYHORSPHQWRIWKH'.04HOHPHQWWRSODWHEXFNOLQJSUREOHPV
,QWKHSUHVHQWGHYHORSPHQWWKHPHPEUDQHVWUDLQHQHUJ\ZDVDGGHGWRWKHRULJLQDO+X:DVKL]XIXQFWLRQDOIRU50
SODWHVLQRUGHUWRDFFRXQWIRUWKHPHPEUDQHVWUHVVHIIHFWWRWKHSODWHEHQGLQJVWLIIQHVV7KHDSSUR[LPDWHGHIOHFWLRQ
DQG URWDWLRQ ILHOGV IRU WKH PHPEUDQH VWUDLQ HQHUJ\ ZHUH WDNHQ WR EH WKH VWDQGDUG ELOLQHDU IXQFWLRQ ZKLOH WKH
DSSUR[LPDWHILHOGVIRUWKHEHQGLQJDQGVKHDUVWUDLQHQHUJ\IROORZHGWKHRULJLQDOZRUN>@7KHHOHPHQWZDVWHVWHGWR
GLIIHUHQW SODWH EXFNOLQJ SUREOHPV WR DVVHVV WKH DFFXUDF\ DQG FRQYHUJHQFH FKDUDFWHULVWLFV 7KH UHVXOWV VKRZHG WKH
'.04HOHPHQWFDQJLYHDFFXUDWHFULWLFDOEXFNLQJORDGVERWKIRUWKLQDQGWKLFNSODWHV
)RUPXODWLRQRIWKH'.04IRUEXFNLQJDQDO\VLV
$GHWDLOHGIRUPXODWLRQRIWKH'.04IRUVWDWLFDQDO\VLVRISODWHEHQGLQJKDYHEHHQSUHVHQWHGLQ5HIHUHQFH>@,Q
WKLVVHFWLRQZHSUHVHQWRQO\WKHHVVHQWLDOHTXDWLRQVRIWKHVWDWLFIRUPXODWLRQ7KHIRFXVLVJLYHQWRIRUPXODWLRQRIWKH
'.04IRUEXFNOLQJSUREOHPV
2.1. Variational formulation 
:HFRQVLGHU D SODWH RI XQLIRUP WKLFNQHVVhPDGH IURPKRPRJHQHRXV DQG LVRWURSLFPDWHULDOZLWKPRGXOXV RI
HODVWLFLW\EDQG3RLVVRQ¶VUDWLRȞ7KUHHGLPHQVLRQDO&DUWHVLDQFRRUGLQDWHV\VWHPLVHVWDEOLVKHGZLWKWKHxySODQH
O\LQJRQWKHSODWHPLGGOHVXUIDFHA DVLOOXVWUDWHGLQ)LJ%DVHGRQEDVLFDVVXPSWLRQVRIWKH50SODWHWKHRU\WKH
GLVSODFHPHQWRIDJHQHULFSRLQWLQWKHSODWHFDQEHH[SUHVVHGDV
ݑ ൌ ݖߚ௫ሺݔǡ ݕሻǡݒ ൌ ݖߚ௬ሺݔǡ ݕሻǡݓ ൌ ݓሺݔǡ ݕሻ  
:KHUHwLVWKHGHIOHFWLRQRIWKHPLGGOHVXUIDFHAȕxDQGȕyDUHWKHQRUPDOOLQHURWDWLRQVLQWKHxzDQGyzSODQHV
UHVSHFWLYHO\
7KHVWUDLQVDVVRFLDWHGZLWKEHQGLQJGHIRUPDWLRQۃߝ௕ۄFDQEHH[SUHVVHGLQWHUPVRIWKHFXUYDWXUHۃɖۄDV
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
)LJ3ODWHZLWKWKHFRRUGLQDWHV\VWHPDQGSRVLWLYHVLJQFRQYHQWLRQIRUWKHGLVSODFHPHQWILHOGV
7KHVWUDLQVDVVRFLDWHGZLWKWUDQVYHUVHVKHDUGHIRUPDWLRQDUHJLYHQDV
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UHVSHFWLYHO\
)ROORZLQJ WKH VWDWLF IRUPXODWLRQ>@ WKH +X:DVKL]X IXQFWLRQDO LV XVHG DV WKH EDVLV WR GHYHORS WKH '.04
HOHPHQWIRUSODWHEXFNOLQJDQDO\VLV,QWKHSUHVHQFHRIPHPEUDQHRULQSODQHSUHEXFNOLQJVWUHVVHVߪ௫଴ߪ௬଴DQG߬௫௬଴ 
DQGLQWKHDEVHQFHRIRWKHUH[WHUQDOIRUFHVWKH+X:DVKL]XIXQFWLRQDOLVJLYHQDV>@>@
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HQHUJ\DVVRFLDWHGZLWKWKHEXFNOLQJGHIRUPDWLRQ0DWUL[ሼɀሽLVDPDWUL[RIDVVXPHGVKHDUVWUDLQVDQGPDWUL[ሼሽLVD
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GLVWKHVKHDUPRGXOXVܩ ൌ ܧȀʹሺͳ ൅ ߥሻ
7KHH[SUHVVLRQRIߎఙ(TQ  FRPHV IURP WKHZRUNRIPHPEUDQHVWUHVVHVߪ௫଴ߪ௬଴DQG߬௫௬଴ DORQJ WKHQRQOLQHDU
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0DWULFHVۃ׏ݓۄۃ׏ߚ௫ۄDQGۃ׏ߚ௬ۄDUHPDWULFHVRIJUDGLHQWRIWKHGHIOHFWLRQDQGURWDWLRQVWKDWLV
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:KLFKLVDFRQVWUDLQWHTXDWLRQUHODWLQJWKHDVVXPHGVKHDUVWUDLQVሼߛሽWRWKHNLQHPDWLFDOVKHDUVWUDLQVሼߛሽ
2.2. Approximation form 
:H FRQVLGHU D W\SLFDO'.04 HOHPHQW DV VKRZQ LQ )LJ  7KH HOHPHQW KDV IRXU QRGHV DQG WKUHH GHJUHHV RI
IUHHGRPSHUQRGHWKDWLVwiȕxiȕyii «0LGVLGHQRGHV«DUHXVHGWRGHILQHDQRGDOSDUDPHWHUοߚ௦௞
k «ZKLFKLVWKHGLIIHUHQFHEHWZHHQWKHOLQHDUO\DQGTXDGUDWLFDOO\LQWHUSRODWHGWDQJHQWLDOURWDWLRQDWDPLG
VLGHQRGH)RUWKHEHQGLQJDQGVKHDUVWUDLQHQHUJLHVߎ௕DQGߎ௦DSSUR[LPDWHURWDWLRQVZLWKLQDQHOHPHQWDUHJLYHQ
DV>@
ߚ௫ ൌ σ ௜ܰߚ௫௜ସ௜ୀଵ ൅ σ ௞ܲܥ௞οߚ௦௞଼௞ୀହ    
ߚ௬ ൌ σ ௜ܰߚ௬௜ସ௜ୀଵ ൅ σ ௞ܲܵ௞οߚ௦௞଼௞ୀହ    
:KHUH ௜ܰ ൌ భరሺͳ േ ߦሻሺͳ േ ߟሻ i «  DUH WKH ELOLQHDU VKDSH IXQFWLRQV DQG Pk k «  DUH WKH KLHUDUFKLFDO
TXDGUDWLFVKDSHIXQFWLRQVDOORIWKHPDUHH[SUHVVHGLQWHUPVRIQDWXUDOFRRUGLQDWHVȟȘCkDQGSkDUHWKHGLUHFWLRQ
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 
7KHDVVXPHGVKHDUVWUDLQVሼߛሽDUH OLQHDUO\ LQWHUSRODWHGIURPWKHGLVFUHWH WDQJHQWLDOVKHDUVWUDLQVDW WKHPLGVLGH
QRGHV«7KHVHPLGVLGHWDQJHQWLDOVWUDLQVDUHREWDLQHGEDVHGRQWKHPRPHQWVKHDUHTXLOLEULXPHTXDWLRQDORQJ
HDFKVLGH7KHFRQVWUDLQWHTXDWLRQ(TQLVLPSOHPHQWHGLQGLVFUHWHPDQQHUDORQJHDFKVLGHXVLQJ>@
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 
:KHUHsLVWKHWDQJHQWLDOFRRUGLQDWHDORQJVLGHk VHH)LJ


D    E
)LJD'.04HOHPHQWZLWKQDWXUDOFRRUGLQDWHVȟȘDQGQRUPDOWDQJHQWLDOFRRUGLQDWHVnsDORQJHDFKVLGHEVLGHk²QRGHVij
7DNHQIURP5HIHUHQFH>@
Ck FRVșk xji/Lk 
Sk VLQșk yji/Lk 
Lk2= xji2+ yji2 
xji=xj- xi 
yji=yjyi
k 
x 
s 
s= 
s=Lk 
i=xi , yi 
j=xj, yj 
șk
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2.3. Geometric stiffness matrix 
6XEVWLWXWLQJ WKHDSSUR[LPDWHGHIOHFWLRQDQGURWDWLRQV(TQV  LQWR(TQV  IROORZHGE\VXEVWLWXWLQJ WKH
UHVXOWLQJJUDGLHQWPDWULFHVLQWR(TQWKHPHPEUDQHVWUDLQHQHUJ\RIDQHOHPHQWFDQEHH[SUHVVHGDV
ߎఙ ൌ
ଵ
ଶ
ۃݑ௡ۄሾ݇ீሿሼݑ௡ሽ   
LQZKLFK
ۃݑ௡ۄ ൌ ۃݓଵ ߚ௫ଵ ߚ௬ଵ ݓଶ ߚ௫ଶ ߚ௬ଶ ݓଷ ߚ௫ଷ ߚ௬ଷ ݓସ ߚ௫ସ ߚ௬ସۄ  
LVWKHQRGDOGLVSODFHPHQWYHFWRUDQG
ሾ݇ீሿ ൌ ݄ ׬ ሾܩ௪ሿ்ሾߪ଴ሿሾܩ௪ሿ஺ ݀ܣ ൅
௛య
ଵଶ
׬ ൣܩఉ௫൧
்ሾߪ଴ሿൣܩఉ௫൧஺ ݀ܣ ൅
௛య
ଵଶ
׬ ൣܩఉ௬൧
்ሾߪ଴ሿൣܩఉ௬൧஺ ݀ܣ  
LVWKHJHRPHWULFVWLIIQHVVPDWUL[,QWKLVHTXDWLRQ
ሾܩ௪ሿ ൌ ൤ǥ
௜ܰǡ௫ Ͳ Ͳ
௜ܰǡ௬ Ͳ Ͳ
ǥ ݅ ൌ ͳǡʹǡ͵ǡͶ൨  D 
ൣܩఉ௫൧ ൌ ൤ǥ
Ͳ ௜ܰǡ௫ Ͳ
Ͳ ௜ܰǡ௬ Ͳ
ǥ ݅ ൌ ͳǡʹǡ͵ǡͶ൨ൣܩఉ௬൧ ൌ ൤ǥ
Ͳ Ͳ ௜ܰǡ௫
Ͳ Ͳ ௜ܰǡ௬
ǥ ݅ ൌ ͳǡʹǡ͵ǡͶ൨ EF
ZKHUH
௜ܰǡ௫ ൌ ݆ଵଵ ௜ܰǡక ൅ ݆ଵଶ ௜ܰǡఎ ௜ܰǡ௬ ൌ ݆ଶଵ ௜ܰǡక ൅ ݆ଶଶ ௜ܰǡఎ
$QGKHUHjjjjDUHWKHFRPSRQHQWVRIWKHLQYHUV-DFRELDQPDWUL[
7KH UHDGHU PD\ FRQVXOW 5HIHUHQFH >@ IRU D GHWDLOHG IRUPXODWLRQ OHDGLQJ WR WKH EHQGLQJ DQG VKHDU VWLIIQHVV
PDWULFHV
1XPHULFDOWHVWV
,Q WKHIROORZLQJ WHVWVZHSHUIRUPDVHULHVRISODWHEXFNOLQJDQDO\VHV WRDVVHVV WKHFRQYHUJHQFHFKDUDFWHULVWLFV
DQGDFFXUDF\RI WKHGHYHORSHG'.04HOHPHQW LQSUHGLFWLQJDFULWLFDOEXFNOLQJ ORDG7KHUHVXOWVDUHSUHVHQWHG LQ
WHUPV RI D QRQGLPHQVLRQDO EXFNOLQJ ORDG LQWHQVLW\ IDFWRU GHILQHG DV݇௖௥ ൌ ܮଶ ௖ܰ௥Ȁߨଶܦ௕>@ZKHUHNcr LV WKH
FULWLFDOEXFNOLQJORDGDQGDbLVWKHEHQGLQJULJLGLW\DVGHILQHGLQ(TQ
3.1. Simply-supported square plates subjected to an in-plane compressive load 
:HILUVWO\FRQVLGHUDKDUGW\SHVLPSO\VXSSRUWHGVTXDUHSODWHZLWKWZRGLIIHUHQWOHQJWKWRWKLFNQHVVUDWLRVWKDWLV
Lh DQGLh VXEMHFWHGWRDXQLD[LDOFRPSUHVVLYHORDGLQxGLUHFWLRQ7KHOHQJWKRIWKHSODWHLVL mWKH
PDWHULDO SURSHUWLHV DUHܧ ൌ ʹͲͲൈͳͲଽNm DQG Ȟ  7KH SODWH LV PRGHOHG XVLQJ GLIIHUHQW GHJUHHV RI PHVK
UHILQHPHQWLHʹൈʹͶൈͶͺൈͺDQGͳ͸ൈͳ͸
7KHUHVXOWLQJEXFNOLQJORDGLQWHQVLW\IDFWRUVDUHSUHVHQWHGLQ7DEOHWRJHWKHUZLWKWKHDQDO\WLFDOVROXWLRQV,WLV
REVHUYHGWKDWWKH'.04UHVXOWVFRQYHUJHIURPDERYHWRWKHFRUUHVSRQGLQJDQDO\WLFDOVROXWLRQVERWKIRUWKHFDVHRI
PRGHUDWHO\WKLFN SODWH Lh  DV ZHOO DV IRU WKH FDVH RI WKLQ SODWH Lh  µ&RQYHUJLQJ IURP DERYH¶ LV
UHDVRQDEOHVLQFHWKHIRUPXODWLRQEDVLVLVQRWDSXUHO\GLVSODFHPHQWEDVHGIRUPXODWLRQ


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7DEOH%XFNOLQJORDGLQWHQVLW\IDFWRUVIRUKDUGW\SHVLPSO\VXSSRUWHGVTXDUHSODWHV
0HVK Lh  Lh 
[  
[  
[  
[  
$QDO\WLFDOVROXWLRQ >@DVFLWHGLQ>@

>@
3.2. Rectangular plates subjected to an in-plane compressive load 
6HFRQGO\ZHFRQVLGHUKDUGW\SHVLPSO\VXSSRUWHGUHFWDQJXODUSODWHVRIWKHOHQJWKaDQGZLGWKbZLWKILYHOHQJWK
WRZLGWK UDWLRV ab      DQG WKUHH WKLFNQHVVWRZLGWK UDWLRV hb    DV GHVFULEHG LQ
5HIHUHQFH>@7KHSODWHLVVXEMHFWHGWRDQLQSODQHFRPSUHVVLYHIRUFHNDORQJWKHHGJHVRIZLGWKb7KHPDWHULDO
SURSHUWLHVDUHWKHVDPHDVLQWKHSUHYLRXVWHVW7KHSODWHVDUHPRGHOHGXVLQJPHVKHVZLWKWKHQXPEHURIHOHPHQWV
DORQJWKHHGJHVRIZLGWKbn ZKLOHWKHQXPEHURIHOHPHQWVDORQJWKHHGJHVRIOHQJWKaIROORZVWKHUDWLRRIab
WKXVWKHVKDSHRIDOOHOHPHQWVLVVTXDUHRIWKHOHQJWKb
7KHUHVXOWLQJEXFNOLQJORDGLQWHQVLW\IDFWRUVDUHWDEXODWHGLQ7DEOHWRJHWKHUZLWKWKRVHREWDLQHGXVLQJWKHPHVK
IUHH PHWKRG ZLWK UHJXODUͳ͹ൈͳ͹SDUWLFOHV SUHVHQWHG E\ Liew et al>@ DQG WKH SE 5LW] PHWKRG SUHVHQWHG E\
Kitipornchai et al >@ ,W LVREVHUYHG WKDW UHVXOWV IURPWKHSUHVHQWHOHPHQWDUH LQDJUHHPHQWZLWK WKRVHREWDLQHG
XVLQJ WKHPHVKIUHHDQGSE5LW]PHWKRGV)RU WKHFDVHRI WKLQSODWHVhb  WKHUHVXOWVDUHD OLWWOHELWKLJKHU
FRPSDUHG WR WKH UHIHUHQFH UHVXOWV$V WKH SODWHV EHFRPH WKLFNHU hb  DQGhb  KRZHYHU WKH UHVXOWV DUH
EHWZHHQWKHPHVKIUHHDQGSE5LW]UHVXOWV
%XFNOLQJPRGHVKDSHVIRU WKHSODWHVZLWK OHQJWKWRZLGWKUDWLRVab DQGab DUHVKRZQLQ)LJ7KHVH
EXFNLQJPRGHVDUHLQDJUHHPHQWZLWKWKRVHSUHVHQWHGLQ5HIHUHQFH>@
D E 
)LJ%XFNOLQJPRGHVKDSHIRUKDUGW\SHVLPSO\VXSSRUWHGUHFWDQJXODUSODWHVZLWKOHQJWKWRZLGWKUDWLRVDab Eab 
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7DEOH%XFNOLQJORDGLQWHQVLW\IDFWRUVIRUKDUGW\SHVLPSO\VXSSRUWHGUHFWDQJXODUSODWHVZLWKGLIIHUHQWOHQJWKWRZLGWK
UDWLRVDEDQGWKLFNQHVVWRZLGWKUDWLRVKE
DE KE 3UHVHQW 0HVKIUHH>@ SE5LW]>@DVFLWHGLQ>@
    
   
   
    
   
   
    
   
   
    
   
   
    
   
   
3.3. A square plate with a hole subjected to different in-plane loads 
/DVWO\ZHFRQVLGHUDKDUGW\SHVLPSO\VXSSRUWHGVTXDUHSODWHZLWKDKROHRIWKHWKLFNQHVVh DVVKRZQLQ)LJ
D7KHPDWHULDOSURSHUWLHVDUHWDNHQWREHWKHVDPHDVLQWKHILUVW WHVW6HF7KHSODWHLVVXEMHFWHGWRWKUHH
GLIIHUHQW LQSODQH ORDG FDVHV QDPHO\ DQ D[LDO FRPSUHVVLYH ORDG LQ xGLUHFWLRQNx SXUH VKHDU ORDG DQG ELD[LDO
FRPSUHVVLYHORDGVLQxDQGyGLUHFWLRQVZKHUHNx Ny7KHSODWHLVPRGHOOHGXVLQJDPHVKDVVKRZQLQ)LJE
7KH DQDO\VLV UHVXOWV DUH WDEXODWHG LQ7DEOH  DQG FRPSDUHG WR WKRVH REWDLQHGXVLQJ WKH HOHPHQWIUHH*DOHUNLQ
PHWKRG ()*0 >@ ,W FDQ EH VHHQ WKDW WKH UHVXOWV DUH YHU\ FORVH WR WKRVH RI WKH ()*0 WKDW LV DURXQG 
KLJKHUWKDQWKH()*0UHVXOWV
7DEOH%XFNOLQJORDGLQWHQVLW\IDFWRUVIRUWKHKDUGW\SHVLPSO\
VXSSRUWHGVTXDUHSODWHZLWKDKROH
0HWKRG $[LDO 6KHDU %LD[LDO
3UHVHQW   
()*0>@   
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D E 
)LJD+DUGW\SHVLPSO\VXSSRUWHGVTXDUHSODWHZLWKDKROHDGRSWHGIURP>@SDQGELWVILQLWHHOHPHQWPHVK
&RQFOXVLRQV
7KH'.04HOHPHQWKDVEHHQH[WHQGHGIRUEXFNOLQJDQDO\VLVRISODWHEHQGLQJ7KHVWDWLFSDUWRIWKHIRUPXODWLRQ
ZDVWDNHQWREHWKHVDPHDVLQWKHRULJLQDOIRUPXODWLRQZKLOHWKHJHRPHWULFVWLIIQHVVPDWUL[ZDVIRUPXODWHGEDVHG
XSRQWKHVWDQGDUGELOLQHDUDSSUR[LPDWLRQRIWKHGHIOHFWLRQDQGURWDWLRQVLQWKHPHPEUDQHVWUDLQHQHUJ\H[SUHVVLRQ
7KHFRQYHUJHQFHDQGDFFXUDF\RIWKHSUHVHQWIRUPXODWLRQZHUHWHVWHGXVLQJGLIIHUHQWSODWHEXFNOLQJSUREOHPV7KH
UHVXOWV VKRZHG WKDW WKHHOHPHQWFDQ\LHOGDFFXUDWH VROXWLRQVERWK IRU WKLQDQG WKLFNSODWHV7KH UHVXOWVFRQYHUJHG
IURPDERYHDVWKHILQLWHHOHPHQWPHVKZDVUHILQHG7KHUHIRUHWKH'.04HOHPHQWFDQEHYHU\XVHIXOIRUSUHGLFWLQJ
DFULWLFDOEXFNOLQJORDGLQSUDFWLFDODSSOLFDWLRQV
5HIHUHQFHV
>@ 2&=LHQNLHZLF]5/7D\ORU7KH)LQLWH(OHPHQW0HWKRG9ROXPH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>@ 7-5+XJKHV5/7D\ORU:.DQRNQXNXOFKDL$VLPSOHDQGHIILFLHQWILQLWHHOHPHQWIRUSODWHEHQGLQJ,QW-1XPHU0HWKRGV(QJ
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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